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[57] ABSTRACT 

In order to modulate the sensitivity of a photosensitive 
device by modulating the integration time, a first read- 
ing of each line of a photosensitive zone of the device is 
followed by a second reading at an adjustable time 
interval. The charges resulting from the first reading 
operation are removed to the drain while the parasitic 
charges and the signal charges resulting from the sec- 
ond reading operation are transferred to the read regis- 
ter at the same time. Modulation of the time interval 
which elapses between two readings of one line is car- 
ried out by varying the time which elapses between the 
injection of one drive pulse into the two registers which 
control respectively the first reading and the second 
reading of the lines. 

8 Claims, 3 Drawing Figures 
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DEVICE FOR MODULATING THE SENSITIVITY 
OF A LINE-TRANSFER PHOTOSENSITIVE 
DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a device for modulat- 
ing the sensitivity of a line-transfer photosensitive de- 
vice. 

Photosensitive devices in which scanning is per- 
formed by line transfer are already known and have 
been described in particular in French patent Applica- 
tions No. 80 091 12 and No. 81 07672 filed in the name of 
Thomson-CSF. 

2. Description of the Prior Art 

It will be recalled in general terms that a device of 
this type has a photosensitive zone consisting of M lines 
each made up of N photosensitive points. The photosen- 
sitive points of the different lines are connected in paral- 
lel to a memory by means of conductive columns. The 
signal charges collected on a line of photosensitive 
points and transferred to the columns are caused by the 
memory to undergo a periodic transfer from the col- 
umns to a read register. In addition, the parasitic 
charges which are present in tne columns before the 
signal charges of one of the lines arrive on the columns 
are periodically transferred by the memory to an evacu- 
ation drain. 

Known types of line-transfer photosensitive devices 
have a light sensitivity which is not variable. However, 
for the different applications of these devices such as 
cameras available to the general public or in the field of 
robotics and the like, it is an advantage to have the 
possibility of using the equivalent of a diaphragm or, in 
other words, of modulating the sensitivity of the device 
as a function of the incident light. 

It is known to modulate the sensitivity of photosensi- 
tive devices in the solid state by varying their integra- 
tion time. 

Up to the present time, however, the basic design 
concept of line-transfer devices having a light sensitiv- 
ity which can be varied by modulating the integration 
time has given rise to problems and the present inven- 
tion provides the answer to these problems. 

SUMMARY OF THE INVENTION 

As hereinafter set forth in claim 1, this invention 
relates to a device for modulating the sensitivity of a 
line-transfer photosensitive device having a photosensi- 
tive zone made up of M lines of N photosensitive points. 
The photosensitive points of the different lines are con- 
nected in parallel by conductive columns to a memory 
which has the function of transferring to a read register 
the signal charges of one and the same line and of trans- 
ferring to an evacuation drain the parasitic charges 
which are present in the columns prior to arrival of the 
signal charges. The distinctive feature of the modulat- 
ing device lies in the fact that it comprises first and 
second means having the following functions; 

the first means carry out a first reading of each line 
during the time interval which elapses when the 
charges derived from the columns are removed by the 
memory to the evacuation drain so that the charges 
resulting from the first reading operation are conse- 
quently removed to the drain at the same time as the 
parasitic charges; 
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after an adjustable time interval, the second means 
carry out a second reading of each line during the time 
interval which elapses when the charges derived from 
the columns are transferred by the memory into the 

5 read register so that the signal charges resulting from 
the second reading operation are consequently trans- 
ferred to the read register. 

The device in accordance with the invention offers a 
number of advantages. Of particular interest is the ad- 

10 vantage arising from the availability of electronic mod- 
ulation of sensitivity as compared with sensitivity mod- 
ulations involving the use of mechanical control sys- 
tems which actuate a diaphragm and are very cumber- 
some. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Other features of the invention will be more apparent 
upon consideration of the following description and 
accompanying drawings, wherein: 

20 FIG. 1 is a schematic diagram showing one embodi- 
ment of the device in accordance with the invention; 

FIGS. 2a to Ih and FIGS. 3a and 36 are waveform 
diagrams representing the drive signals employed in the 
device of FIG. 1. 

25 In the different figures, the same references designate 
the same elements but the dimensions and proportions 
of the various elements have not been observed for the 
sake of enhanced clarity. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a schematic representation of one embodi- 
ment of the device in accordance with the invention. 
In this figure, there is shown a photosensitive zone 1 

35 constituted by a matrix of M lines each made up of N 
photosensitive points P. This zone receives the light 
image to be scanned and converts the image to electric 
charges known as signal charges Qs. The photosensitive 
points of a given column are interconnected by one and 

40 the same conductive column. The conductive columns 
terminate in a memory 2. This memory comprises 
switching means which are represented schematically 
by switches I and conduct the charges which are pres- 
ent in the conductive columns either to an evacuation 

45 drain or to a read register 3. The memory therefore 
carries out periodic transfer to the read register of the 
signal charges Qs which are collected on a line of pho- 
tosensitive points and transferred to the columns. In 
addition, the parasitic charges which are present in the 

50 columns before the charge signals of one of the lines 
arrive in the columns and periodically transferred by 
the memory to an evacuation drain. 

In the prior art, the photosensitive points of any one 
line are connected to each other as well as to an address 

55 register which makes it possible to select the matrix line 
which is to be read. Provision can be made for two 
address registers, one register being used for addressing 
the even-numbered lines and the other register being 
used for addressing the odd-numbered lines. 

60 In the prior art, the integration time of the different 
lines is constant. The photosensitive points continuously 
integrate the charges created by the radiation to be 
scanned except during the few microseconds required 
in order to permit each line to deliver in turn the 

65 charges which it has integrated in the columns. 

The invention makes it possible to obtain a modula- 
tion of sensitivity of the photosensitive device by vary- 
ing the integration time of the photosensitive points. 
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The invention consists in performing in the case of 
each line a first reading operation and a second reading 
operation between which an adjustable time interval is 
allowed to elapse. The charges resulting from the first 
reading operation are removed to the drain while the 5 
parasitic charges and the signal charges resulting from 
the second reading operation are transferred at the same 
time to the read register. 

The integration time of the different lines is consti- 
tuted by the time interval which elapses between the 10 
first and the second reading operations. A variable inte- 
gration time is obtained by varying this time interval. 

As shown in FIG. 1, the device in accordance with 
the invention therefore comprises first means 4 whereby 
the first reading of each line takes place during the time 15 
taken by the memory to remove the charges from the 
columns to the drain. The device further comprises 
second means 5 whereby, after an adjustable time inter- 
val, the second reading of each line takes place during 
the time taken by the memory to transfer the charges 20 
from the columns into the read register. 

In the embodiment of the invention shown in FIG. 1, 
the first and second means aforesaid comprise a shift 
register having M stages which addresses the M lines of 
the photosensitive zone by means of transistors. 25 

A drive pulse is applied to the input of each register 
and transferred periodically from one stage of the regis- 
ter to the next. Modulation of the time interval which 
elapses between the first and the second reading opera- 
tion is achieved by varying the elapsed time interval 30 
between injection of the drive pulse Id and injection of 
the drive pulse I/rinto each register Rj and R2. • 

The shift registers Ri and R2 of the means 4 and 5 are 
preferably shift registers formed by means of MOS 
transistors and controlled by two phases Li and L2. 35 

The device in accordance with the invention will 
now be described in detail in order to explain the opera- 
tion of the embodiment shown in FIG. 1, reference 
being made to FIGS. 2a to 2h and to FIGS. Za and 3Z> 
which represent the control signals of the device. It is 40 
postulated in the following description that the photo- 
sensitive points are constituted by MOS-phototransis- 
tors or by the association of MOS-phototransistors and 
photodiodes and are formed on a P-type semiconductor 
substrate. 45 

In this embodiment, the shift registers Ri and R2 are 
controlled by the same addressing signals Li and L2 
which are represented in FIGS. 2a and 2b. 

The signals Lj and L2 are at the high level during one 
line return interval out of two. It is- recalled that photo- 50 
sensitive devices are usually required to be compatible 
with conventional television standards. In the case of 
the 625-line standard, an interval of approximately 52 /xs 
is available for display of a line and an interval of 12 ^is 
is available for the line return. 55 

The drive pulse Id and Ij? which is applied to the input 
of each register Ri and R2 is present on one of the out- 
puts of these registers during each line return interval. 

FIGS. 2c and 2d and FIGS. 2c and 2f are representa- 
tions of the signals obtained at the outputs d/and d/ + 1 of 60 
the register Ri and at the outputs f/and f/+i of the regis- 
ter R2. These outputs address two consecutive lines 1/ 
and l/+i of the photosensitive zone. 

The time interval which elapses between passages of 
the drive pulse from one stage of a register to the next 65 
is equal to the time taken for processing one line. 

In the embodiment of FIG. 1, the stages of the regis- 
ter Ri of the first means 4 are connected to a series of 
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enhancement-mode MOS transistors designated by the 
reference TMOS-1. These transistors TMOS are con- 
nected on the one hand to one of the lines of the photo- 
sensitive zone and on the other hand to a bias voltage. 
When this bias voltage is applied to the gates of the 
MOS-phototransistors, it permits transfer of the charges 
stored by these points to the columns, that is to say the 
reading of one line. In FIG. 1, this voltage is the refer- 
ence voltage Vref of the device. The gate of the transis- 
tors TMOS-1 is connected to one stage of the shift 
register Ri. The arrival of the drive pulse Ipon a stage 
initiates conduction of the transistor TMOS-1 which is 
associated with this stage and initiates reading of the 
corresponding line of the photosensitive zone which 
receives the bias voltage Vref. 

The first means 4 of FIG. 1 comprise another series of 
depletion-mode MOS transistors designated by the ref- 
erence TMOS-TAC. These transistors are mounted as 
emitter-followers between one line of the photosensi- 
tive zone and a bias voltage Vac which permits integra- 
tion of the charges when this voltage is applied to the 
MOS-phototransistors. 

The departure of the drive pulse I/> from a stage has 
the effect of cutting-off the transistor TMOS-1 which is 
associated with this stage. At this instant, the corre- 
sponding transistor TMOS-TAC applies the voltage 
Vac to the line which is addressed by said stage, thus 
bringing to an end the reading of charges of said line 
and marking the start of its integration period. 

FIG. 2g represents the bias voltage received by the 
line 1/ of the photosensitive zone. This voltage under- 
goes a transition from Vac to Vref during the line re- 
turn interval in which the drive pulse l£> is present on 
the output d; of the register Ri. 

It has been seen earlier that, in line-transfer photosen- 
sitive devices, there is a periodic recurrence of the two 
following sequences: 

a /irst sequence corresponding to transfer to memory 
of the parasitic charges which are present in the col- 
umns, prior to arrival of the signal charges in the col- 
umns; 

a second sequence corresponding to transfer to mem- 
ory of the signal charges of one line which are present 
in the columns. 

In the embodiment of FIG. 1, these two sequences 
take place during the line return interval. The line re- 
turn interval is composed of two periods as shown in 
FIG. 3c namely a period R during which the first se- 
quence takes place followed by a period S during which 
the second sequence takes place. 

The reading operation which is carried out on line 1/ 
(as shown in FIG. 2g) whilst the drive pulse is present 
on the output d; begins with the start of the line return 
interval during a period R. The charges transferred 
from line 1/to the columns are therefore removed to the 
memory and then to the drain. The end of the line re- 
turn interval marks the end of the first reading Li of the 
line 1/and the beginning of the integration period Tint of 
this line. 

The outputs of the register R2 of the means 5 are 
connected to the gates of MOS transistors designated by 
the reference TMOS-F. The transistors TMOS-F are 
connected on the one hand to a clock signal 4>F shown 
in FIGS. 2h and 3b which changes to the high level 
during the period S of the line return interval and on the 
other hand to the gates of another series of MOS transis- 
tors designated by the reference TMOS-2, 
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A transistor TMOS-F is triggered into conduction 
when the drive pulse I/rarrives on the stage of the regis- 
ter to which said transistor is connected but remains in 
the conducting state only during the period S of the line 
return interval under the action of the signal $f 5 

Each transistor TMOS-F drives the gate of a transis- 
tor TMOS-2 which is connected to a line of the photo- 
sensitive zone and to the bias voltage Vref which per- 
mits reading of the points of one line. 

A transistor TMOS-F in the conducting state applies 10 
the bias voltage Vref to the corresponding line of the 
photosensitive zone via the transistor TMOS-2 and 
therefore initiates reading of said line. 

In FIG. 2g, it is apparent that the second reading L2 
of the line 1,* takes place during the period S of the line 15 
return interval while the pulse If is present on the out- 
put f/. The beginning of this second reading operation 
marks the end of the integration period of the line 1/. 

The second reading L2 of the line 1/ takes place during 
the period S of the line return interval, with the result 20 
that the charges transferred from the line 1/ to the col- 
umns are sent to the read register 3 via the memory. 

The integration time of the lines of the photosensitive 
zone is therefore varied by modulating the time interval 
which elapses between the arrival of a drive pulse on 25 
the outputs d/and f/ of the two registers which address 
the same line 1/ of the photosensitive zone. 

During each line return interval, there is therefore 
carried out in the method according to the invention 
first of all the first reading Li of a line l/+ fl for example, 30 
during the period R, and then the second reading L2 of 
a line 1/ for example, during the period S. 

The invention makes it possible to vary the integra- 
tion time to a considerable extent The readings Li and 
L2 of a line 1/can be performed during two consecutive 35 
line return intervals. In this case the integration period 
is 64 fts in the 625-line standard. The integration period 
can vary up to about (M— 1).64 /is, where M is the 
number of lines of the photosensitive zone. 

The embodiment of FIG. 1 can readily be adapted to 40 
line-transfer devices in which the two sequences of 
removal of the parasitic charges and of reading of the 
signal charges do not take place during the line return 
interval. It is only necessary to modify thd drive signals. 

The method in accordance with the invention is ap- 45 
plicable in the same manner when the photosensitive 
points consist of photodiodes. The only difference in the 
case of photodiodes is that the voltages Vref and Vac 
are not applied to the MOS-phototransistors but to 
gates which control the transfer between the photodi- 50 
odes and the columns and which are not exposed to the 
radiation. When the photodiodes are fabricated on a 
P-type substrate, the voltage Vref which is applied to 
the gates and initiates reading of the. photodiodes is 
higher than the voltage Vac which is applied to the 55 
gates and permits integration of the charges. 

It will clearly be understood that the invention is 
readily applicable to photosensitive points formed on an 
N-type substrate. 

What is claimed is: 60 

1. A device for modulating the sensitivity of a line- 
transfer photosensitive device having a photosensitive 
zone constituted by M lines of N photosensitive points, 
the photosensitive points of the different lines being 
connected in parallel by conductive columns to a mem- 65 
ory which has the function of transferring signal 
charges coming from a line of photosensitive points to a 
read register and of transferring to an evacuation drain 



parasitic charges which are present in the columns prior 
to arrival of the signal charges, wherein said device 
comprises first and second means having the following 
functions: 

the first means carry out a first reading operation of 
each line when the parasitic charges derived from 
the columns are transferred from the memory to 
the evacuation drain so that charges resulting from 
the first reading operation are consequently re- 
moved to the drain at the same time as said para- 
sitic charges; 

after an adjustable time interval, the second means 
carry out a second reading operation of each line 
when signal charges derived from the columns are 
transferred from the memory into the read register 
so that said signal charges resulting from the sec- 
ond reading operation are consequently transferred 
to the read register and wherein the first and the 
second means comprise a first and a second shift 
registers, with M stages, said shift registers being 
controlled by the same addressing signals, in which 
said M stages address the M lines of the photosensi- 
tive zone via transistors, a drive pulse being applied 
to the input of each register and said drive pulse 
being transferred periodically from one stage to the 
next and wherein modulation of the time interval 
which elapsed between the first and the second 
reading of the same line is obtained by varying the 
time interval which elapses between injection of 
said drive pulse into each register. 

2. A device according to claim 1 wherein the first 
means comprise two series of M transistors of the MOS 
type; each MOS transistor having a drain, a source and 
a gate; 

the transistors of one of the series are enhancement- 
mode MOS transistors connected by their drain 
and their source to one line of the photosensitive 
zone and to a bias voltage which permits transfer of 
charges from the photosensitive points to the col- 
umns, the gates of said transistors being connected 
to one stage of the shift register, the arrival of a 
pulse in a stage providing reading of the line ad- 
dressed by said stage; 

the transistors of the other series are depletion-mode 
MOS transistors mounted as emitter-followers, said 
transistors being connected by their drain and their 
source to one line of the photosensitive zone and to 
a bias voltage which permits integration of the 
charges in the photosensitive points, the departure 
of a pulse from one stage initiating the integration 
period of the line which is addressed by said stage. 

3. A device according to claim 1 wherein the second 
means aforesaid comprise a first and a second series of 
M enhancement-mode MOS transistors, each MOS 
transistor having a drain, a source and a gate: 

the transistors of a first series are connected by their 
drain and their source to one line of the photosensi- 
tive zone and to a bias voltage which permits trans- 
fer of the charges of the photosensitive points to 
the columns, the gates of said transistors being 
connected to a transistor of the other series; 

the transistors of a second series are connected by 
their drain and their source to a clock signal which 
indicates the time interval during which the 
charges derived from the columns are transferred 
into the read register by the memory and to the 
gates of transistors of the first series, the gates of 
said transistors of the second series being each 
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connected to one stage of the shift register of the 
second means, each transistor of the second series 
which is connected to one stage being triggered 
into conduction by the arrival of a pulse on its stage 
when the charges derived from the columns are 5 
transferred, from the memory into the read register 
the conduction of said transistor initiating conduc- 
tion of the corresponding transistor of the first 
series and therefore reading of one line of the pho- 
tosensitive zone. 10 
4. A device according to claim 2 t wherein the second 
means comprise a first and a second series of M en- 
hancement-mode MOS transistors, each MOS transistor 
having a drain, a source and a gate: 
the transistors of a first series are connected by their 15 
drains and their sources to one line of the photosen- 
sitive zone and to a bias voltage which permits 
transfer of charges from the photosensitive points 
to the columns, the gates of said transistors being 
connected to one transistor of the other series; 20 
the transistors of a second series are connected by 
their drain and their source to a clock signal which 
indicates the time interval during which the 



charges derived from the columns are transferred 
into the read register by the memory and to the 
gates of transistors of the first series, the gates of 
said transistors of the second series being con- 
nected to one stage of the shift register of the sec- 
ond means, the transistor of the second series 
which is connected to a given stage being triggered 
into conduction by the arrival of a pulse on the 
stage aforesaid when the charges derived from the 
columns are transferred from the memory into the 
read register the conduction of said transistor initi- 
ating conduction of the corresponding transistor of 
the first series and therefore reading of one line of 
the photosensitive zone. 

5. A device according to claim 1, wherein the shift 
registers aforesaid are constituted by MOS transistors. 

6. A device according -to claim 2, wherein the shift 
registers aforesaid are constituted by MOS transistors. 

7. A device according to claim 3, wherein the shift 
registers aforesaid are constituted by MOS transistors. 

8. A device according to claim 4, wherein the shift 
registers aforesaid are constituted by MOS transistors. 
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